We have evaluated the functional consequences of genetic variations in human organic cation transporter hOCT1 (SLC22A1 ). Three coding single nucleotide polymorphisms (cSNPs) resulted in the amino acid changes Pro283Leu, Arg287Gly and Pro341Leu were assessed. Uptake experiments with transient expression system using HEK293 cells revealed that the variants Pro283Leu and Arg287Gly had completely diminished transport activity. The other variant Pro341Leu had a signiˆcantly, but not completely, decreased transport activity. Western blot analysis showed that the expression levels of all three variant proteins in the crude membranes of HEK293 cells were comparable to those of wild type hOCT1. Moreover, the expression of variant proteins at the plasma membrane was conˆrmed by indirect immuno‰uorescence, indicating that these SNPs did not aŠect the membrane localization of hOCT1. Present results suggest that the amino acid residues Pro283 and Arg287 have a substantial role in substrate recognition of hOCT1.
Introduction
It has become apparent that some interindividual diŠerences in drug disposition and response to drugs are caused by genetic variations in metabolizing enzymes and drug transporters. 1, 2) The most abundant form of genetic variation is the single nucleotide polymorphism (SNP). In particular, SNP in coding regions of genes (cSNP) may alter the function or structure of the encoded proteins. Although recent advances in high-throughput screening methods permit a systematic detection of genetic variation in speciˆc transporter genes and a construction of several SNP databases, the resulting functional consequences and phenotypes at the clinical stage remain to be deˆned in many cases.
Human organic cation transporter hOCT1 (SLC22A1 ) is a member of the organic ion transporter family cloned from human liver. 3, 4) OCT1 mediates electrogenic transport of various cations including model compounds tetraethylammonium (TEA) and N 1 -methylnicotinamide, as well as the neurotoxin 1-methyl-4-phenylpyridinium (MPP). 5, 6) Recently, identiˆcation and functional consequences of several SNPs in SLC22A1 have been reported. 7, 8) However, some cSNPs in SLC22A1 gene have yet been uncharacterized. In the present study, we selected three cSNPs, resulting in the amino acid changes Pro283Leu, Arg287Gly and Pro341Leu, from a public SNP database NCBI dbSNP (http://www.ncbi.nlm.nih.gov W SNP W ). 9) We demonstrated for theˆrst time the functional ablation of Pro283Leu and Arg287Gly variants despite a conserved protein expression at plasma membrane, together with a relatively preserved transport activity of Pro341Leu variant. according to the manufacturer's protocols. That is, the library was screened by PCR using the following hOCT1-speciˆc primers derived from the published sequence (Genbank accession number U77086): forward 5?-TGAGCATGCTGAGCCATCATG (bases 88 to 108) and reverse 5?-GAGCCAAAGAAGAAGCCCGCA (bases 593 to 573).
Materials and Methods

Materials
Construction of variants: The QuikChange TM sitedirected mutagenesis kit (Stratagene, La Jolla, CA) was used to construct mutant cDNAs following the manufacturer's protocols. Three single point mutations (C W T953, C W G964 and C W T1127 corresponding to Pro283Leu, Arg287Gly and Pro341Leu, respectively) were introduced into hOCT1 cDNA. The nucleotide sequences of mutants were conˆrmed using a multicapillary DNA sequencer RISA384 system (Shimadzu, Kyoto, Japan).
Cell culture, transfection and uptake experiments: HEK293 cells were cultured as described previously. 10) pCMV6-XL4 plasmid vector DNA containing wild type hOCT1 and its variants were puriˆed using Marligen High Purity Plasmid Puriˆcation Midiprep System (Marligen Bioscience, Ijamsville, MD). Transfection procedures and uptake experiments were performed as described previously.
10)
Western blot analysis: Crude plasma membrane fractions (1 mg) of HEK293 cells transiently transfected with vector alone, hOCT1 and its variants cDNAs were solubilized in loading buŠer (2z SDS, 125 mM TrisHCl, 20z glycerol, 50 mM dithiothreitol), heated at 959 C for 5 min, and Western blot analysis was performed as described previously. 11) To conˆrm the speciˆcity of the antibody, the antibody was absorbed with an excess amount of antigen peptide (5 mg W mL) used as an immunogen.
Indirect immuno‰uorescence: HEK293 cells were seeded onto poly-L-lysine coated cover glasses (Matsunami Glass Ind., Ltd., Osaka, Japan) and then transfection was performed. Cells wereˆxed for 1 hr with acetone at -209 C. After being incubated with PBS containing 0.2z gelatin twice for 5 min, they were incubated with the anti-hOCT1 (1:200) for 1 hr at room temperature. Thereafter, cells were incubated with the Cy3 A‹niPure Goat Anti-Rabbit IgG (H＋L) (Jackson ImmunoResearch Laboratories, Inc., West Grove, PA) at 1:100. These samples were examined with a BX-50-FLA ‰uorescence microscope (Olympus, Tokyo, Japan). Images were captured with a DP-50 CCD camera (Olympus) using Studio Lite software (Olympus).
Statistical analysis: Data were analyzed statistically using one-way analysis of variance followed by Fisher's t test.
Results and Discussion
In the present study, a complete functional ablation of two cSNPs Pro283Leu and Arg287Gly was shown for theˆrst time (Fig. 1A) . In contrast, another variant Pro341Leu exhibited a reduced but relatively preserved transport activity of [ 14 C]TEA. The uptake of TEA by wild type hOCT1 and Pro341Leu variant was saturated at high concentrations and was inhibited by the excess amount of MPP (Figs. 1B, 1C) . Three separate experiments were performed to obtain the kinetic parameters and both Km value and Vmax value for Pro341Leu revealed to be signiˆcantly diŠerent from those of wild type hOCT1 (Km; 1.27±0.09 mM for wild type and To examine whether expression of hOCT1 proteins are altered in HEK293 cells expressing variants, we performed Western blot analysis. As shown in Fig. 2A , the immunoreactive protein was similarly detected in the cells transfected with wild type hOCT1 and its variants cDNAs, but not vector alone, indicating the conserved protein expressions. These positive bands disappeared when the antiserum was preabsorbed with the hOCT1 antigen peptide (Fig. 2B) . Moreover, the localization of Pro283Leu and Arg287Gly variants were maintained at plasma membranes, in spite of the diminished TEA uptake (Figs. 2C-2G) . In a previous study, a nonfunctional variant of SLC22A1, Gly465Arg, exhibited a reduced localization at the basolateral surface, suggesting a defect in membrane tra‹cking. 8) Accordingly, mechanism(s) other than decreased levels of protein expression or alterations in membrane localization, such as substrate recognition, would likely be responsible for the reduced transport function. Considering that the region between Pro283 and Leu289, located in the large intracellular loop between the predicted 6th and 7th transmembrane domains, is highly conserved among members of the organic cation transporter family, 5) this region may have a substantial role in the transport function in hOCT1.
At present, there is no report about the in vivo phenotypes of functionally deleterious mutations in the SLC22A1 gene. Recently, decreased distributions in the liver of an anticancer drug metaiodobenzylguanidine and an antidiabetic drug metformin have been reported in Oct1 knockout mice. 12, 13) Therefore, large clinical studies on the genotype-phenotype relationship, using substrates of hOCT1 such as metformin, would provide a useful information about the contribution of SLC22A1 gene polymorphisms in the individuals.
In conclusion, we demonstrated the functional consequences of Pro283Leu and Arg287Gly variants for theˆrst time. In addition, this is theˆrst report that represents the functional ablation of SLC22A1 variants in spite of their normal expression at the plasma membranes. Further study should be needed to clarify whether these SNPs in SLC22A1 may contribute to the interindividual variability in the disposition of several endogenous and exogenous cationic compounds.
